THE PLANAR RP2 MODEL
It is natural to describe the planar nematic in terms of the RP2 = S 2 / Z 2 2 where we s u m over the nearest neighbor bonds ij in the lattice version. Using the Berezinsky-Villain formalism [l, 21 we can rewrite (1.1) as S2 a-model with auxiliary 2 2 gauge field:
The statistical sum takes the form where {U) is the class of gauge equivalence. Action (we'll use later the fieldtheoretical terminology) (1.2) at U;j = 1 equals to the O(3) a-model lattice action with the continuum limit
But it is impossible to get the continuum limit of (1.2) in the case of the where &angle coordinate on the plane. When q5 changes from 0 to 27r, n' changes to -n' and this is the solution on RP2. As usual (see [3] ) this solution has logarithmically large action where A is the total area of the plane, a is the ultraviolet cut-off, the size of the plaquette in the lattice model.
Using the standard argument of the Berezinsky-Kosterlitz-Thouless (BKT) theory [l, 2, 3] and comparing (1.6) with the vortex entropy one can lead to a conclusion about BKT phase transition at g2 = 7r/8, but the story is not so simple. The reason is that S2 or RP2 a-models are asymptotically free [4] . Thus g depends on the scale p and in the one-loop approximation 
where the integration measure DG ni d 5 is determined in a usual way: We sum in (1.9) on the number of contours n and as usual the natural desire appears for some expression which depends only on one contour. At first sight the sum on N in (1.9) leads to the exponentiation:
where ei'('j{'}) = U(c, {U}) is the phase factor for the contour c at given gauge configuration {U}. However, ( 1.10) is not the precise analog of (1.9) because of some of the troubles arising in the case of the self-intersecting contours. To avoid these troubles we can either work with the honeycomb lattice, where the self-intersecting contours do not arise due to the odd number of bonds (three) which are going out from one point on a honeycomb lattice, or we can remember that (1.8) is the high-temperature approximation only where the contours with the multiple-passaged bonds are not taken into account. In any way we get (1.10) where the sum spreads on the nonself-intersecting contours only [6] .
Thus in the high-temperature or strong coupling limit, the calculation of the some vortices configuration free energy comes to the summation over the closed contours in the "external" field. This field manifests itself as a phase factor 
is the Green formula for the area of the curve C.
Using (2.3)-(2.4) we get the expression for z(G) L )
It can be shown [7] that problem of the 2(&, L ) calculation comes to the calculation of the statistical sum of the n-component gauge theory 3b4) $ = ($1). . . , 3bn)
in the limit n 3 0:
Unfortunately (2.5) and (2.6) cannot be calculated exactly at nonzero T and we start from r = 0, thus including the self-intersecting contours in consideration. Then we shall use some scaling arguments to obtain formulae for nonselfintersecting contours only.
Thus at r = 0 the statistical sum (2.5)) or more exactly the probability density P(G, L ) for the paths in the continuum limit, can be calculated exactly [8] :
In the limit @ + 0,
which is the correct probability density for the closed contours with the fixed point on the plane and corresponds to the normalization condition of the function 
Po(S, L ) (see (2.2)) s-", ds Po(S,
L
ZO(5)L) = ZL"P0(zj)L). ( 2 . 7~)
In the Appendix we shall demonstrate that calculation of the statistical sum on the lattice comes to the calculation of the Green function of the Hofstadter h = 0 corresponds to the system without vortices, h = T corresponds to the system with one vortex for plaquette.
The total free energy F: is determined by the (2.9) and (2.10) and the temperature dependence is contained in the coupling constant g (we can put g2 -T).
The function F:(g, g) is described in Fig. 1 . It is easy to see that at g < g,"
(g," = 1,31) the phase transition occurs to the state without vortices ( h = 0).
The question about the order of this phase transition is still open. Now we use some simple scaling relations to take into account the fact that = 0 we have instead we must work with nonself-intersecting contours. Then for of (2.7a) For & # 0 we can rewrite (2.7) in the form (2.12) We use the fact that 5 and S -R2 are the conjugate variables. Using (2.10) and (2.12) we get finally the free energy F :
The FC dependence on g and 5 is described on Fig. 2 . Now we see that critical value of g is g = 1.21. 
